The Fluorescence Microscopic Study of the Infection of Saccharomyces cerevisae (Yeast) Protoplasts with Tobacco Mosaic Virus by Patel, Madhubhai.
Loyola University Chicago
Loyola eCommons
Master's Theses Theses and Dissertations
1977
The Fluorescence Microscopic Study of the
Infection of Saccharomyces cerevisae (Yeast)
Protoplasts with Tobacco Mosaic Virus
Madhubhai. Patel
Loyola University Chicago
This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in
Master's Theses by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1977 Madhubhai. Patel
Recommended Citation
Patel, Madhubhai., "The Fluorescence Microscopic Study of the Infection of Saccharomyces cerevisae (Yeast) Protoplasts with
Tobacco Mosaic Virus" (1977). Master's Theses. Paper 2928.
http://ecommons.luc.edu/luc_theses/2928
THE FLUORESCENCE MICROSCOPIC STUDY OF THE INFECTION 
OF SACCHAROMYCES CEREVISIAE (YEAST) PROTOPLASTS 
WITH TOBACCO MOSAIC VIRUS 
by 
Madhubhai Patel 
A Thesis Submitted to the Faculty of the Graduate School 
of Loyola University of Chicago in Partial Fulfillment 
of the Requirements for the Degree of 
Master of Science 
February 
1977 
ACKNOWLEDGEMENTS 
I wish to express my sincere appreciation to 
Dr. A. s. Dhaliwal, my advisor, whose help, guidance, 
patience and encouragement made the completion of this 
study possible. I also wish to thank Dr. w. c. Cordes and 
Dr. D. E. Wivagg for their help and work as Committee mem-
bers. 
I am grateful to Dr. H. W. Manner for his help and 
deep interest in the work during my graduate program. In 
addition I would like to thank Allan Campione for his 
assistance in the research work. 
ii 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS 
LIST OF TABLES 
LIST OF FIGURES 
CONTENTS OF APPENDICES 
Chapter 
I. INTRODUCTION 
II. REVIEW OF RELATED LITERATURE • 
Isolation of Plant Protoplasts 
Infection of Protoplasts with TMV 
III. MATERIALS AND METHODS 
Preparation of Protoplasts from 
Saccharomyces cerevisiae . . 
Inoculation of Protoplasts with T1-1V . . 
Preparation of Fluorescent Antibodies . 
Staining TMV Infected Protoplasts 
with Fluorescent Antibodies ••. 
Observations. 
Photography 
IV. RESULTS 
v. DISCUSSION . 
VI. SUMMARY 
Page 
ii 
iii 
iv 
vi 
1 
4 
4 
6 
9 
9 
. 10 
• 11 
. . 12 
. . . 13 
. 13 
• • 20 
. 33 
• 37 
LITURATURE CITED • • • • 39 
APPENDIX A . • 42 
APPENDIX B . . 44 
--
Table 
I 
II 
LIST OF TABLES 
Saccharomyces cerev1.s1.ae infected with 
tobacco mosaic virus at 25°C under 
100 ft. c., 150 ft. c. and 200 ft. c. 
light intensity • . • • . • • • • . • 
Saccharomyces cerevisiae infected with 
tobacco mosaic virus at 25°C, 30°C, 
35°C, and 40°C under 100 ft. c. 
light intensity .••.•••••• 
iii 
Page 
29 
30 
---
LIST OF FIGURES 
Figure 
1 Saccharomyces cerevisiae normal cells 
photographed before enzyme treatment 
with phase contrast microscope and 
Page 
green filter . • • • • • • • • • • . • . • . . 14 
2 Saccharomyces cerevisiae normal cells 
photographed before enzyme treatment 
with phase contrast microscope • • . • • . • 15 
3 Saccharomyces cerevisiae cells treated 
with an enzyme and photographed with 
phase contrast microscope: 2 normal 
cells and 1 protoplast • • • . • • . . . 16 
4 Saccharomyces cerevisiae cells treated 
with an enzyme photographed with phase 
contrast microscope: partially digested 
cell walls and protoplast is lost •.•. 17 
5 Broken cell walls and protoplasts of the 
Saccharomyces cerevisiae cells treated 
wtih an enzyme and photographed with 
phase contrast microscope: 1 proto-
plast and another protoplast partially 
enclosed in undigested cell wall . • • . . . 18 
6 Saccharomyces cerevisiae cells treated 
with an enzyme and photographed with 
phase contrast microscope. 1 cell 
and 2 protoplasts • . • • • • • • • • . . 19 
7 Saccharomyces cerevisiae protoplasts 
inoculated with tobacco mosaic virus 
and photographed after staining with 
fluorescent antibodies at 0 hour time. 
Cells not infected with TMV .....••.. 23 
8 Saccharomyces cerevisiae protoplasts 
inoculated with tobacco mosaic virus 
and photographed after staining with 
fluorescent antibodies at 0 hour time. 
Cells not infected with TMV .••...... 24 
iv 
-Figure Page 
9 Saccharomyces cerevisiae protoplasts 
1 hour after inoculation with tobacco 
mosaic virus at 25°C under 100 ft. c. 
light intensity. Photographed after 
staining with fluorescent antibodies. 
One cell infected with TMV and is 
fluorescing . . . . . • . . . . . 
10 Saccharomyces cerevisiae protoplasts 
2 hours after 1noculation with tobacco 
mosaic virus at 25°C under 200 ft. 
light intensity. Photographed after 
staining with fluorescent antibodies. 
Two cells infected with T.HV and are 
fluorescing . . . • . . • . . . . 
11 Saccharomyces cerevisiae protoplasts 
3 hours after inoculation with tobacco 
mosaic virus at 25°C under 200 ft. c. 
light intensity. Photographed after 
staining with fluorescent antibodies. 
Six cells infected with TMV and are 
• • • • 2 5 
• • • • 26 
fluorescing . . . . . . . . . . . . . . . 27 
12 Saccharomyces cerevisiae protoplasts 
4 hours after inoculation with tobacco 
mosaic virus at 35°C under 100 ft. c. 
light intensity. Photographed after 
staining with fluorescent antibodies. 
Eight cells infected with TMV and are 
fluorescing • . . . . . . . • • . . . . . 28 
13 Saccharomyces cerevisiae infected with 
tobacco mosaic virus at 25°C, under 
100 ft. c., 150 ft. c. and 200 ft. c. 
light intensity .•..•....•..•.• 31 
14 Saccharomyces cerevisiae infected with 
tobacco mosaic virus at 25°C, 30°C, 
35°C and 40°C under 100 ft. c. 
light intensity . • . • . . . . • . . . • . . 32 
v 
--
CONTENTS FOR APPENDICES 
APPENDIX A 
(1) Slant Culture Medium . 
(2) Pre-culture Medium . 
(3) Final Shake Culture Medium • 
(4) Protoplast Medium 
(5) Carbonate-Bicarbonate buffer 
(PH 9.0, 0.5M) ...•.• 
Page 
• • • 42 
• 42 
• 42 
. • 43 
. • 43 
(6) Phosphate-buffer Saline (PH 7.1, O.OlM) ••• 43 
APPENDIX B 
(1) Fluorescence Microscopic Study of 
Inoculated Protoplasts done at 
25°C under 100 ft. c. . . . . . . . . 44 
(2) Fluorescence Microscopic Study of 
Inoculated Protoplasts done at 
25°C under 150 ft. c. . . . . . . . . 44 
(3) Fluorescence Microscopic Study of 
Inoculated Protoplasts done at 
25°C under 200 ft. c. . . . . . . . . 45 
(4) Flourescence Microscopic Study of 
Inoculated Protoplasts done at 
30°C under 100 ft. c. . . . . . . . . 45 
(5) Fluorescence Microscopic Study of 
Inoculated Protoplasts done at, 
35°C under 100 ft. c. . . . . . . . . 46 
( 6) Fluorescence Microscopic Study of 
Inoculated Protoplasts done at 
40°C under 100 ft. c. . . . . . . . . . . 46 
vi 
CHAPTER I 
INTRODUCTION 
Tissue culture methods are important in studying the 
physiology and morphology of plant and animal cells. How-
ever their application in investigating plant virus infection 
processes is very limited. It has been found that virus 
particles can enter and infect a plant cell only through a 
wound, otherwise the cell wall acts as a perfect barrier. 
This is in contrast to the animal cells, where the virus 
particles are able to enter and infect an unwounded cell. 
This has made tissue culture so much more valuable for re-
search on animal than on plant viruses. 
Tissue culture methods are relatively simple and 
inexpensive and have been extensively used in the quantita-
tive determination of virus replication in animal cells by 
counting the number of plaques formed by the virus. Plant 
tissue cultures can not be infected with plant viruses un-
less cell walls are damaged. Therefore most of the studies 
to obtain the effect of different substances and environ-
mental conditions on virus multiplication were done on plant 
cells that were already infected. 
Using the leaf as a system in which to study virus 
replication is far less effective. Virus replication has 
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been found to occur within a few hours after infection, and 
one cell in about ten thousand in the treated leaf becomes 
infected. Thus, the replication process has to be studied 
in the background of a large number of uninfected cells. As 
the virus infection spreads from one cell to another from 
the site of infection, synchrony of infection does not occur. 
Consequently, one encounters infections at various stages, 
from uninfected cells to cells where replication is comple-
ted. This raises problems in attempts to study the temporal 
sequence of viral-related events. Finally, it is difficult 
to introduce test substances into leaves and practically 
impossible to remove them subsequently, as sound experimental 
procedure would require. 
Attempts have been made to overcome these difficul-
ties by using macerated leaf material (Byran et al, 1964), 
infiltrated leaves (Zaitlin et al, 1967) and bean hypocotyls 
(McCarthy et al, 1970). Use of separated cells, protoplasts 
and cultured cells of callus origin in virus studies is 
relatively new and very few works are reported in the liter-
ature. The studies to date have tended to define the condi-
tions and infection of cells and protoplast with the plant 
viruses. 
Methods involving free cells and protoplasts have 
only just begun to be applied to the problems of viral in-
fection. Through this method, answers may be found to such 
fundamental questions as the mechanism of infection· and 
3 
viral replication. With an efficient infection process, it 
may be feasible to study the effect of viral replication on 
the host cell's metabolism at every stage of infection. If 
progress is to be made in determining the infection process, 
then studies should be directed to very early events in the 
viral infection cycle. 
The purpose of the present investigation is to iso-
late yeast protoplasts and to establish a system for tobacco 
mosaic virus infection and multiplication, and to study the 
events of TMV infection and multiplication under different 
environmental conditions with the aid of fluorescence micro-
scopy. 
CHAPTER II 
REVIEvJ OF RELATED LITERATURE 
The review of literature has been divided into the 
following two sections: 
(1) Isolation of plant protoplasts, and 
(2) Infection of protoplasts with tobacco mosaic 
virus (TMV). 
(1) Isolation of Plant Protoplasts 
In 1957 it was discovered that lysozyme in a medium 
containing sucrose digested the cell wall of certain bacter-
ia releasing intact protoplasts. Later it was reported that 
the gut juice of snails (Helix pomatia) could also dissolve 
the cell walls of certain yeast species, in the presence of 
relatively high concentration of sugar, yields of the proto-
plasts were influenced by the nature of the sugars. These 
protoplasts would contract and become crenated in sugar sol-
ution, more concentrated than 0.5M and would swell and even-
tually burst at lower concentrations (Eddy and Williamson, 
1957). It was also found that isolated protoplasts may 
regenerate cell wall like membrane (Eddy and Williamson, 
1959). 
Isolation of protoplasts from various plant cells by 
using cellulase obtained from the fungus Myrothecium 
4 
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verrucaria was demonstrated by Cocking in 1960. Protoplasts 
of many yeast spores were also obtained using lytic prepara-
tions of Streptomyces (Garcia-Acha and Villaneuva, 1963). 
Garcia M. and Villaneuva in 1962 found that Streptomyces 
produced an enzyme able to lyse cell walls of a number of 
yeast species (Saccharomyces fragilis, Candida utilis, Sac-
charomyces rossei, and Saccharomyces cerevisiae). They also 
found that it was easier to obtain protoplasts from young 
cells. The enzyme strepzyme which has been isolated from 
Streptomyces was also effective in lysing the spore walls of 
many fungi. Garcia and Villaneuva (1964) did not find any 
significant differences in the mode of action of strepzyme 
and snail enzyme. Protoplasts have been prepared from 
higher plant tissue using Myroth~cium cellulase (Ruesink and 
Thimann, 1966). The addition of polyuronidases or of ethyl-
enediaminetetra acetate did not increase the yield of proto-
plasts. They reported that protoplasts could be prepared 
from root, leaf, callus and coleoptiles. 
Lobyrera (1975) studied the action of enzymes from 
Helix pomatia in releasing protoplasts from Candida utilis 
295t. He obtained 100% yield of protoplasts after 15 min-
utes of incubation with the enzyme, if the cell were pre-
viously treated with L-cysteine. Kopecka (1975) obtained 
100% yield of protoplasts from the fission yeast Schizosac-
charomyces by digesting cell walls with combined application 
of snail enzyme and Trichoderma viride enzyme. Villaneuva, 
6 
et al (1966) showed that strepzyme and snail juice were 50% 
more effective than the other enzymes used. 
The mechanism involved in cell wall disintegration 
by snail gut enzyme was reported by Millbank and Hagrae in 
1964. They demonstrated that in order for the cell wall to 
be digested, both mannan and glucan present in the wall must 
be disingegrated. Degradation of either mannan or glucan 
alone did not prove effective. The main components of the 
cell wall of Saccharomyces were found to be glucan, mannan 
and proteins. 
Tanaka and Phaff in 1965 made a comparative study of 
the cell wall composition of different yeast species and re-
ported that microbial enzymes were better for cell wall 
preparations than snail gut enzyme. 
Gascon and Villaneuva (1965) reported that the bio-
chemical and biological activity of yeast protoplasts pre-
pared by treatment with snail and microbial enzymes were not 
affected by the preparation process. They also studied the 
properties of stabilizing media used to prepare protoplasts 
. 
from fungi. They recommended 0.8 to O.lM magnesium sulphate 
as the best of all the stabilizers tested. A medium with 
magnesium sulphate did not show microbial contamination and 
formation of protoplasts took place quickly in the medium. 
(2) Infection of Protoplasts with TMV 
Fraenkel-Conrat et al (1958) demonstrated that the 
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infection of plant cells by viruses takes place in two steps. 
The first step involved the separation of the protein coat 
of the viral agent which was then followed by the infection 
of the cell by the virus nucleic acid. Evidence suggested 
that the separation of the protein shell from the infectious 
nucleic acid represented an early step in the infection pro-
cess and it was quite time consuming. In every one of their 
20 experiments performed it was evident that the lesions 
produced by the nucleic acid reached the final maximal values 
appreciably earlier by about 24 hours than did those evoked 
by intact TMV. 
Takebe et al (1968) isolated mesophyll cells from 
TMV infected tobacco plants and found that isolated cells 
supported the replication of the virus during further incu-
bation. Motoyoshi and Yoshima (1968) demonstrated that iso-
lated tobacco leaf cells could be infected \vith ntu with 
mechanical stirring. 
In 1969 Takebe and Otsuki successfully isolated 
tobacco leaf protoplasts and were able to infect them with 
TMV. Infection occurred in the presence of poly-L-ornithine 
and the virus level reached 106 virus particles/infected 
protoplast in a 24 hour incubation period. Otsuki and Takebe 
(1969) developed a fluorescence antibody staining technique 
to locate TMV antigen in the infected tobacco protoplasts. 
This method is particularly useful for determining the num-
ber of infected cells for which no suitable method was 
• 
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available. 
Aoki and Takebe (1969) demonstrated that TMV-RNA 
could infect tobacco protoplasts. Upon incubation a synch-
ronous replication of TMV occurred and the virus titer 
reached a maximum after 22 hours incubation. 
Coutts, Cocking and Kassanis (1972), using the 
method of Takebe et al (1968), succeeded in infecting iso-
lated yeast protoplasts with TMV. They thought that the 
yeast protoplasts might provide a suitable system to study 
the infection process of TMV. Protoplasts of Saccharomyces 
cerevisiae were prepared by exposing them to the snail gut 
enzyme (Helicase) . They found that the infectivity of the 
inoculated protoplasts could be increased by 40 fold by 
24 hours incubation but number of virus particles produced 
by the protoplasts were very small. 
. . 
CHAPTER III 
MATERIALS k~D METHODS 
Preparation of Protoplasts from Saccharomyces 
cerevisiae 
A common strain of Saccharomyces cerevisiae (yeast) 
(obtained from the American type culture collection) 
was maintained on agar slants at 4°C (Darling et al, 1969). 
The yeast was grown for cell isolation for 24 hours at 25°C 
in 250 ml. belco flasks containing 50 ml.of liquid medium 
(refer to Appendix A) . Inoculum from the 24 hour cultures 
was then transferred into 15 ml. screw cap tubes containing 
10 ml. of liquid medium and was grown for 18 hours at 25°C. 
Yeast cells from the 18 hour cultures were collected by 
centrifuging in a clinical centrifuge at approximately 
1500 g. Cells were washed twice with glass distilled water. 
Washed cells were used for preparing protoplasts (Fig. 1,2). 
The medium used for the propagation of yeast cells 
was that devised by Darling et al {1969). The medium for 
protoplasts contained the osmotic stabilizer Sorbitol. The 
PH of the medium was adjusted to 5.0 with three molar phos-
phoric acid before autoclaving at 121°C for 20 minutes. The 
composition of the media used in growing yeast cells and 
protoplasts is given in Appendix A. 
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Studies were conducted to determine the concentra-
tion of enzyme ~Glucuronidase/Aryl sulftase (obtained from 
Calbiochem) which would be most effective in digesting the 
cell walls from yeast cells. To do this a yeast suspension 
containing about 10,000 cells per c.m.m. was placed in six 
test tubes, each containing 2 m1. of the yeast suspension 
and various concentrations of the enzyme (1:2, 1:3, 1:4, 
1:5, 1:6 dilutions). It was found that the 1:5 dilution 
with 20,000 units/ml. of the enzyme concentration was the 
best, yielding 60% protoplasts in four hours with occasional 
shaking at 38°C (Fig. 3, 4, 5, 6). The enzyme and the cell 
wall debris were removed by centrifuging the suspension at 
1000 g. for 30 minutes and the protoplasts were finally sus-
pended in fresh osomotic stabilizer (sorbitol citric acid). 
Protoplast preparations were examined with a phase contrast 
microscope. Experiments were repeated at least twice to 
confirm the number of protoplasts present in the suspension. 
Inoculation of Protoplasts with TMV 
Samples of the protoplast suspension were .mixed with 
equal volumes of purified TMV (cone. 5 mg./100 ml. obtained 
from ATCC). The protoplast virus mixture was divided into 
ten test tubes with 2 ml. in each tube. Two tubes were kept 
at 4°C immediately after mixing the T~1V and protoplasts. 
This sample served as a control. The other eight tubes 
were subjected to various light (100ft. c., 150ft. c., 
11 
200 ft. c. at 25°C temp.) and temperature (25°C, 30°C, 35°C, 
40°C at 100 ft. c. light) conditions to check the effect of 
these environmental factors on the replication of the virus 
in isolated yeast protoplasts. Protoplast samples were in-
cubated for four hours and at one hour interval infected 
protoplasts were isolated from the incubation medium by cen-
trifugation and washed three times with osmotic stabilizer. 
Slides were made from the pellets for fluorescence staining 
and microscopy. 
Preparation of Fluorescent Antibodies 
The technique of conjugating fluorescent dye with 
antibodies was introduced by Coons et al (1950) and this 
procedure is commonly used for tagging antibodies in clinical 
as well as research laboratories. 
To conjugate antibodies with Fluorescein Isothio-
cyanate (FITC) (obtained from Sigma Chemical Co.) the follow-
ing procedure was used. 
(1) One volume of serum containing TMV specific anti-
bodies was mixed with two volumes of carbonate bi-
carbonate buffer (PH 9.0 0.5M) (Appendix A). 
(2) FITC at the rate of 3 mg./ml. of serum was dis-
solved in 5 ml. of acetone and was added to the 
above mixture slowly over a period of 15 minutes. 
The stirring of this mixture continued for 24 
hours in the refrigerator at 4°C. 
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(3) Buffer salts and acetone were removed by dialy-
sing the mixture against phosphate buffer saline 
(PH 7.1, 0. 0111) (Appendix A) . Dialysis continued 
in the refrigerator at 4°C, while being stirred 
constantly until no fluorescence was detected 
with ultraviolet light in the dialysate. 
(4) For the complete isolation of FITC conjugated 
antibodies, the dialysed mixture was passed 
through a column packed with sephadex G25. 
(5) Antibodies conjugated with FITC were eluted from 
the column with phosphate buffer saline (PH 7.1, 
0.01 M). Five ml. aliquots were collected in a 
series of 20 tubes, until the eluate was clear. 
(6) The absorption spectrum of each test tube was 
determined at a wavelength of 280 nm using a 
Beckman DB-GT spectrophotometer. Samples that 
contained the highest concentrations of antibodies 
were pooled together. In this pooled sample Mer-
thiolate (1:10,000 cone.) was added as a pre-
servative and it was stored at 4°C until needed. 
Staining TMV infected protoplasts with 
Flourescent Antibodies 
Two smears of infected protoplasts from each treat-
ment were made on clean slides previously coated with bovine 
albumin. They were air dried at room temperature and fixed 
13 
with acetone for ten minutes at 4°C. Fixed smears were 
stained with conjugated antibodiesforl5 minutes at room tem-
perature. Stained slides were washed three times, five min-
utes each with PBS (Ph 7.1, 0.01 M). These slides were air 
dried before observations. 
Observations 
From each smear prepared above, 500 protoplasts were 
studied for TMV infection. Those protoplasts which fluor-
esced under the fluorescent microscope were counted and the 
percentages of infected protoplasts were calculated and 
recorded (Appendix B) • 
Photography 
Photographs must be taken as quickly as possible as 
fluorescence of the stained slides would vanish on storage. 
Due to this difficulty, photography was completed immedi-
ately after the slides were stained. Kodak high speed 
Ectochrome film was used. An exposure time of three and one-
half minutes was used and the film was "push" processed to 
ASA. 400. 
) 
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Figure 1 
Saccharomyces· cerevisiae normal cells 
photographed before enzyme treatment 
with phase contrast microscope and green filter. 
Magnification 400 x 
1 5 
Figure 2 
Saccharomyces cerevisiae normal cells 
photographed before enzyme treatment 
with phase contrast microscope. 
Magnification 1000 x 
16 
Figure 3 
Sacchardmyces cerevisiae cells treated 
with an enzyme and photographed 
with phase contrast microscope: 
2 normal cells and 1 protoplast. 
Magnification 1000 x 
1 7 
Figure 4 
Saccharomyces cerevisiae cells treated 
with an enzyme photographed 
with phase contrast microscope: 
partially digested cell walls and protoplast is lost. 
Magnification 1000 x 
18 
Figure 5 
Broken cell walls and protoplasts 
of the Saccharomyces cerevisiae cells treated 
with an enzyme and photographed 
with phase contrast microscope: 
1 protoplast and another protoplast partially 
enclosed in undigested cell wall. 
Magnification 1000 x 
19 
Figure 6 
Saccharomyces cerevisiae cells treated 
with an enzyme and photographed 
with phase contrast microscope. 
1 cell and 2 protoplasts. 
Magnification 1000 x 
CHAPTER IV 
:RESULTS 
Saccharomyces cerevisiae yeast protoplasts were 
inoculated with tobacco mosaic virus and then exposed to 
100ft. c., 150 ft. c., and 200 ft. c. light intensities and 
kept at 25°C constant temperature. Samples of inoculated 
protoplasts were taken at 0 hour, 1 hour, 2 hours, 3 hours, 
and 4 yours after inoculation with tobacco mosaic virus sus-
pension. The 0 hour samples always showed negative results 
for fluorescent antibody staining. At all light intensities, 
fluorescence was detected at 1 hour after inoculation and it 
remained constant for about 2 hours. The number of proto-
plasts showing fluorescence increased after 3 hours of incu-
bation of TMV infected protoplasts. Examination of the 
protoplasts after 4 hours incubation showed no further in-
crease in the number of infected protoplasts. These results 
are shown in Table I and Figures 7, 8, 9, 10, 11, and 13 a-nd 
in Appendix B. These data show that at 25°C, under varied 
light intensities, there was no demonstrable difference in 
tobacco mosaic virus infectivity on protoplasts of Saccharo-
myces cerevisiae. It is possible that advance of inocula-
tion periods beyond 4 hours may produce differences in infec-
tivity at various light conditions. However, our experiments 
20 
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were terminated 4 hours after inoculation, and there is no 
way of knowing these effects. 
When Saccharomyces cerevisiae yeast protoplasts were 
inoculated with tobacco mosaic virus and exposed to 25°C, 
30°C, 35°C and 40°C under 100 ft. c. light intensity, some 
temperature regimes enhanced infectivity. The 0 hour sam-
ples always remained negative for fluorescent antibody 
staining. Samples taken from 25°C temperature and 40°C tem-
perature showed positive fluorescence staining after 1 hour, 
which remained constant for 2 hours. Upon examination of 
protoplasts from 25°C and 40°C temperature regimes, fluores-
cence staining showed increases in infectivities after 3 
hours, which remained constant up to 4 hours. These results 
are shown in Table II and Figures 7, 8, and 14 and Appendix 
B. Samples taken from 30°C and 35°C temperature also showed 
positive fluorescence staining after 1 hour, which was in-
creased after 2 hours. The number of infected protoplasts 
increased even more after 3 hours and remained constant up 
to 4 hours. These results are shown in Table II and Figures 
7, 8, 12, and 14 and Appendix B. 
The effects of three light intensities, 100 ft. c., 
150ft. c., and 200ft. c., at constant temperature (25°C) 
showed the same degree of infection of the protoplasts. The 
study of four temperature conditions, 25°C, 30°C, 35°C, and 
40°C at constant 100 ft. c. light intensity, showed varia-
tion in infectivity. There was more infection at 30°C and 
22 
35°C as compared to 25°C and 40°C. The infectivity of TMV 
on inoculated Saccharomyces cerevisiae protoplasts appeared 
to be independent of light intensity. However the TMV in-
fection of the yeast protoplasts varied at different temper-
atures. 
....... 
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Figure 7 
Saccharomyces cerevisiae protoplasts 
inoculated with tobacco mosaic virus and photographed 
after staining with fluorescent antibodies at 0 hour time. 
Cells not infected with TMV. 
Magnification 400 x 
....... 
2 4 
Figure 8 
Saccharomyces cerevisiae protoplasts 
inoculat ed with tobacco mosaic virus and photographed 
after sta i ning with fluorescent antibodies at 0 hour time. 
Cells not infected with TMV. 
Magnification 1000 x 
25 
Figure 9 
j 
Saccharomyces cerevisiae protoplasts 
1 hour after inoculation with tobacco mosaic virus 
at 25°C under 100 ft. c. light intensity. 
Photographed after staining with fluorescent antibodies. 
One Cell infected with THV and is fluorescing. 
Magnification 1000 x 
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Figure 10 
Saccharomyces cerevisiae protoplasts 
2 hours after inoculation with tobacco mosaic virus 
at 25°C under 200 ft. c. light intensity. 
Photographed after staining with fluorescent antibodies. 
Two cells infected with TMV and are fluorescing. 
Magnification 1000 x 
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Figure ll 
Saccharomyces cerevisiae protoplasts 
3 hours after inoculation with tobacco mosaic virus 
at 25°C under 200 ft. c. light intensity. 
Photographed after staininq with fluorescent antibodies. 
Six cells infected with TMV and are fluorescing. 
Magnification 1000 x 
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Figure 12 
Saccharomyces cerevisiae protoplasts 
4 hours after inoculation with tobacco mosaic virus 
at 35°C under 100 ft. c. light intensity. 
Photographed after staining with fluorescent antibodies. 
Eight cells infected with TMV and are fluorescing . 
Magnification 1000 x 
29 
Table I 
Saccharomyces cerevisiae infected with 
tobacco mosaic virus at 25°C under 
100 ft. c., 150ft. c. and 200 ft. c. light intensity 
Light 0 1 2 3 4 
Temperature Intensity Hour Hour Hours Hours Hours 
25°C 100ft. c. 0 + + ++ ++ 
25°C 150ft. c. 0 + + ++ ++ 
25°C 200ft. c. 0 + + ++ ++ 
I 
+ = 1- 25% cells are infected 
++ = 26- 50% cells are infected 
+++ = 51- 75% cells are infected 
++++ = 76-100% cells are infected 
30 
Table II 
Saccharomyces cerevisiae infected with 
tobacco mosaic virus at 25°C, 30°C, 35°C and 40°C 
under 100 ft. c. light intensity 
Light 0 1 2 3 4 
Intensity Temperature Hour Hour Hours Hours Hours 
100ft. c. 25°C 0 + + ++ ++ 
100ft. c. 30°C 0 + ++ +++ +++ 
100ft. c. 35°C 0 + ++ +++ +++ 
100ft. c. 40°C 0 + + ++ ++ 
+ = 1- 25% cells are infected 
++ = 26- 50% cells are infected 
+++ = 51- 75% cells are infected 
++++ = 76-100% cells are infected 
---
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Figure 13 
+ = 1- 25% cells 
++ = 26- 50% cells 
+++ = 51- 75% cells 
++++ = 76-100% cells 
(Temperature 25°C) 
1 2 3 4 
Hr Hr HrHr 
100ft. c. 
1 2 3 4 
Hr Hr HrHr 
100ft. c. 
are 
are 
are 
are 
Saccharomyces cerevisiae infected with 
tobacco mosaic virus at 25°C,under 
100 ft. c., 150ft. c. and 200ft. c. 
light intensity 
infected 
infected 
infected 
infected 
1 2 3 4 
Hr Hr Hr Hr 
100ft. c. 
4+ 
3+ 
2+ 
1+ 
1 2 3 4 
Hr Hr HrHr 
25°C 
32 
Figure 14 
+ = 1- 25% cells are 
++ = 26- 50% cells are 
+++ = 51- 75% cells are 
++++ = 76-100% cells are 
(Light intensity - 100 ft. 
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c.) 
1 2 3 4 
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40°C 
tobacco mosaic virus at 25°C, 30°C, 35°C and 40°C under 
100 ft. c. light intensity 
CHAPTER V 
DISCUSSION 
The replication of virus within protoplasts may be 
demonstrated and quantified, by any one of the several 
methods. Namely by infectivity assay (Coutts et al, 1972), 
staining with fluorescent antibodies (Otsuki and Takebe, 
1969), electronmicroscopy (Cocking and Pojnar, 1969), incor-
poration of radioactive precursors into virus (Bryan et al, 
1964) and serology (Coutts et al, 1972) could be used. 
The research reported in this thesis concerned the 
quantification of TMV replication in yeast protoplasmby the 
use of fluorescent antibodies,which is relatively new stain-
ing technique used in this field. TMV replication in yeast 
protoplasts has been reported (Coutts et al, 1972) by the 
use of host assay technique. Detection of TMV replication 
in tobacco protoplasts by the use of fluorescent antibody 
staining technique has also been reported (Otsuki and Takebe, 
1969, 1972). For the assay of ~!1V replication in'the yeast 
which is not ana tural host for TNV replication, the use of 
fluorescent technique has not been employed. Attempts were 
made to detect the early events of TMV replication. Time 
lapse studies were done to see the effects of different 
temperatures and light intensities. It was found that light 
33 
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intensities used had absolutely no effect on the virus rep-
lication in yeast protoplasts. It is contrary to the fact 
that virus replication is drastically affected if light is 
not provided (Kassanis, 1953). This is quite logical to 
say that chloroplast containing hosts of TMV would require 
light, since light is the energy source to keep the host 
active to support the virus replication. Yeast protoplasts 
for TMV studies are unique because researchers can conven-
iently eliminate light factor which sometimes becomes diffi-
cult to arrange. 
The results presented here show that temperature does 
affect the virus replication in yeast protoplasts. Temper-
atures studied were 25°C, 30°C, 35°C, and 40°C. It was 
found that 30°C and 35°C were the ideal for maximum virus 
replication. Methods used for the quantification of TMV 
replication have their own advantages and disadvantages. 
TMV assay method by local lesion counts (Coutts et al, 1972) 
will assay only the total infectivity. Because only infec-
tious particles can cause lesion, this method is very insen-
sitive. Tests take a longer period of time and require a 
much larger number of plants to obtain a reliable answer. 
It is used only where infectious particles need to be deter-
mined. The serological method measures the virus protein 
antigen, not the amount of infective virus. Serological 
tests are very useful with viruses that have no good local 
lesion host available. Electron microscope experiments 
r 
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determine the total number of virus particles without dif-
ferentiating the infectivity. The particle count is labor-
ious, but this is a valuable method where shape and size 
could be studied. 
The fluorescent antibodY staining procedure is sen-
sitive and can detect the early events of virus replication. 
Early protein synthesis is detected by staining the proto-
plasts with fluorescence conjugated antibodies (Otsuki and 
Takebe, 1969). Findings in thiS thesis relate the develop-
ment of a new method in which yeast protoplasts were used. 
TMV replication can be observed under fluorescence microscope, 
after staining the protoplasts with TMV specific antibodies, 
which have been tagged with FITC· TMV replication in in-
fected yeast protoplasts was detected after 1 hour incubation 
at all temperature conditions tested. The system developed 
in my research could be used to detect virus at the early 
stages of its replication. This system is useful, simple 
and requires a small amount of protoplasts. This method is 
particularly useful for determining the percentage of in-
fected cells for which there has been no suitable method 
available. 
An approach can be made to determining the effect of 
the virus on the host metabolism at the early stages in the 
viral replication process. These systems should also allow 
for refined studies between related and unrelated viruses 
in cellular infection, and as has been suggested by Motoyoshi 
I' 
I , 
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et al (1973), should be a very useful system to study the 
biochemistry of viruses. 
CHAPTER VI 
SUM~1ARY 
The research was initiated to study the infection of 
yeast protoplasts with tobacco mosaic virus. Isolated yeast 
protoplasts suspended in a liquid medium provided a useful 
experimental system to study the virus infection process in 
the living cells. Protoplasts were isolated with the aid of 
enzyme, and were infected with TMV. The replication process 
of the virus was studied under different environmental con-
ditions. Infected protoplasts were stained with fluorescent 
antibodies and were examined with the aid of a fluorescent 
microscope. 
A common strain of Saccharomyces cerevisiae (yeast) 
was used in the study. Protoplasts were prepared by treat-
ing the young yeast cells with the enzyme~-glucuronidase/ 
Aryl sulfatase (Helix pomatia) . Protoplasts were inoculated 
with TMV and were subjected to various environmental condi-
.. 
tions (100ft. c., 150ft. c., 200ft. c. at 25°C and 25°C, 
30°C, 35°C and 40°C at 100 ft. c.). TMV infected proto-
plasts were fixed on slides at specific time intervals 
(0 hour, 1 hour, 2 hours, 3 hours, 4 hours) and were stained 
with fluorescent antibodies. Stained protoplasts were 
studied under the fluorescent microscope and the percentages 
37 
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of infected protoplasts were calculated. 
Tobacco mosaic virus replication in yeast protoplasts 
wasindependent of light intensity but it seemed to be temper-
ature dependent. Protoplasts inoculated with TMV showed 
maximum infection when incubated at 30°C and 35°C. 
r 
LITERATURE CITED 
Aoki, s. and Takebe, I. Infection of Tobacco Hesophyll 
Protoplasts by Tobacco r-1osaic Virus Ribonucleic 
Acid. Virology. 39:439-448, 1969. 
Byran, J. K., Shearer, G. B. and Commoner, B. Rapid Bio-
synthetic incorporation of cl4-labeled amino acids 
into Tobacco Mosaic Virus. Virology 22, 67-78, 
1964. 
Cocking, E. C. A method for isolation of Plant Protoplasts 
and Vacuoles. Nature. 187:962-963, 1960. 
Cocking, E. c. and Pojnar, E. An electron microscopic study 
of the infection of isolated Tomato Fruit Protoplasts 
by Mosaic Virus. Journal of General Virology. 
4:305-312, 1969. 
Coons, A. H. and Kaplan, M. H. Localization of antigen in 
tissue cells, improvement in method for detection of 
antigen by means of fluorescent antibody. Journal 
of exp. medicine. 91:1-14, 1950. 
Coutts, R. H. A., Cocking, E. C., Kassanis, B. Infection of 
tobacco Mesophyll Protoplasts with Tobacco Hosaic 
Virus. J. of General Virology. 17:289-294, 1972. 
Coutts, R. H. A., Cocking, E. c., Kassanis, B. Infection of 
Protoplasts from Yeast with Tobacco Mosaic Virus. 
Nature. 240:466-467, 1972. 
Darling, S., Theilade, J., and Birch-Anderson, A. Kinetic 
and Morphological Observation on Saccharomyces cer·e-
visiae during spheroplast formation. J. Bacteriology. 
98:797-810, 1969. 
Eddy, A. A. and Williamson, D. H. A method of isolating pro-
toplasts from yeasts. Nature. 179:1252, 1957. 
Eddy, A. A. and Williamson, D. H. Formation of aberrant cell 
walls and of spores by the growing yeast protoplasts. 
Nature. 183:1101, 1959. 
Fraenkel, ConratH., Singer, B. and Veldee, S. The mechan-
ism of plant virus infection. Biochimica Et Bio-
physica AcTa. 29:639-640, 1958. 
39 
40 
Garcia-Acha I. and Villanueva, J. R. The use of strepto-
myces enzyme in preparation of protoplasts from mold 
spores. Can. J. Microbiology. 9:139, 1963. 
Garcia Mendoza c. and Villanueva, J. R. Production of yeast 
protoplasts by an enzyme preparation of streptomyces 
sp. Nature. 195:1326, 1962. 
Garcia Mendoza c. and Villanueva, J. R. Stages in the form-
ation of yeast protoplasts with strepzyme. Nature. 
202:1421, 1964. 
Gascon, S. and Villanueva, J. R. Magnesium sulphate as sta-
bilizer during liberation of yeast and mould proto-
plasts. Nature. 205:822, 1965. 
Kassanis, B. Some effects of sucrose and phosphorus in in-
creasing the multiplication of tobacco mosaic virus 
in detached tobacco leaves. J. of General Micro-
biology. 9:467-474, 1953. 
Kopecka M. The isolation of protoplasts of the fission 
yeast Schizosccharomyces by Trichderma viride and 
snail enzymes. Folia Microbial. 20(4) :273-276, 1975. 
Lobyreva, L. B. Production of protoplasts by the yeast 
Candida utilis. MIKROBIOLOGIYA. 44(2) :289-293, 
1975. 
Millbank, J. W. and Magrae, R. M. Degradation of yeast wall 
by fractionated snail gut enzyme. Nature. 201: 
1347, 1964. 
Motoyoshi, F. and Oshima, N. Multiplication of Tobacco Mo-
saic Virus in suspension of Tobacco cells. Japan. 
Journal of Microbiology. 12(3} :317-320, 1968. 
Motoyoshi, F., Bancroft, J. B. and Watts, J. W. A direct 
estimate of Cowpea Cholorotic Mottle Virus particle 
absorbed by Tobacco protoplasts that become infected. 
Journal of General Virology. 21:159-161, 1973. 
McCarthy, D., Jarvis, B. C. and Thomas, B. J. Changes in 
the Ribosomas extracted from mung beans infected 
with a strain of Tobacco Mosaic Virus. Journal of 
General Virology. 9:9-17, 1970. 
Otsuki, Y and Takebe, I. Fluorescent antibody staining of 
Tobacco Mosaic Virus Antigen into Tobacco Mesophyll 
Protoplasts. Virology. 38:497-499, 1969. 
41 
Otsuki, Y, Takebe, I., Honda, Y. and Matsui, c. Ultra-
structure of infection of Tobacco Mesophyll Proto-
plasts by Tobacco .Hosaic Virus. Virology. 49:188-
194, 1972. 
Otsuki, Y. and Takebe, I. Infection of Tobacco Mesophyll 
Protoplasts by Cucumber Hosaic Virus. Virology. 
52:433-438, 1973. 
Ruesink, A. w. and Thimann, K. V. Protoplasts; Preparation 
from higher Plants. Science. 19:280-281, 1966. 
Takebe, I., Otsuki, Y. and Aoki, S. Isolation of Tobacco 
Mesophyll cells in intact and active state. Plant 
and cell Physiol. 9:115-124, 1968. 
Takebe, I. and Otsuki, Y. Infection of Tobacco Mesophyll 
Protoplasts by Tobacco Mosaic Virus. Preceding of 
the National Academy of Sciences of the United States 
of America. 64:843-848, 1969. 
Tanaka and Phaff. Enzymatic Hydrolysis of yeast cell walls. 
J. Bacteriology. 89!1570, 1965. 
Villanueva, J. R., Elorza, M. V., Monreal, J. and Uruburu, F. 
The Use of purified lytic Enzymes to obtain yeast 
protoplasts. The Proceeding of the 2nd Symposium on 
Yeast held in Bratislva. 203-211, 1966. 
Zaitlin, N. 1 Spencer D. 1 Whitfeld, P. R. In "Biochemical Reg-
ulation in Diseased Plants or Injury." Phytopathol. 
Soc. Japan. 91 1 1967. 
APPENDIX A 
42 
APPENDIX A 
{1} Slant culture medium 
1. Potassium dihydrogen orthophosphate 
2. Magnesium sulphate {7H20) 
3. Ammonium sulphate 
4. Glucose 
5. Yeast extract 
6. Difco peptone 
7. Difco special agar 
{2) Pre-culture medium 
1. Potassium dihydrogen orthophosphate 
2. Magnesium sulphate {?H20) 
3. Ammonium sulphate 
4. Glucose 
5. Yeast extract 
6. Difco peptone 
{3} Final shake culture medium 
1. Potassium dihydrogen orthophosphate 
2. Magnesium sulphate (7H 20) 
3. Glucose 
gms./liter 
2.0 
1.0 
1.0 
20.0 
3.0 
3.5 
30.0 
gms./liter 
2.0 
1.0 
1.0 
20.0 
3.0 
3.5 
gms./liter 
0.2 
0.25 
1.0 
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4. Yeast extract 
5. Sodium lactate 
6. Ammonium hydrogen phosphate 
(4) Protoplast medium 
1. Potassium dihydrogen orthophosphate 
2. Magnesium sulphate (7H20) 
3. Glucose 
4. Yeast extract 
5. Sodium citrate 
6. Sorbitol 
7. Ammonium hydrogen phosphate 
(5) Carbonate-Bicarbonate buffer (PH 9.0, 0.5M) 
1. NaHC0 3 
2. Na 2co 3 (anhydrous) 
3. Distilled water 
(6) Phosphate-buffer saline (PH 7.1, 0.01 M) 
1. Nacl 
2. Na 2HP04 
3. NaH2P04, 2H 20 
4. Distilled water 
3.0 
10.0 
3.5 
gms./liter 
0.20 
0.25 
1.00 
3.00 
1.00 
127.52 
3.50 
3.7 gms. 
0.6 gms. 
100.0 ml. 
8.5 gms. 
1.07 gms. 
0. 39 gms. 
1000.0 ml. 
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APPENDIX B 
(1) Fluorescence Microscopic Study of Inoculated Protoplasts 
Done at 25°C under 100 ft. c. 
Incubation No. of Cells No. of Cells Percent of Cells 
Time in Hours Examined (Infected) (Infected) 
0 1000 0 0 % 
1 1000 118 11.9% 
2 1000 105 10.5% 
3 1000 356 35.6% 
4 1000 384 38.4% 
(2) Fluorescence Microscopic Study of Inoculated Protoplasts 
done at 25°C under 150 ft. c. 
Incubation No. of £ells No. of Cells I Percent of Cells 
Time in Hours Examined (Infected) (Infected) 
0 1000 0 0 % 
1 1000 137 13.7% 
2 1000 174 17.4% 
3 1000 366 36.6% 
4 1000 360 36.0% 
45 
(3) Fluorescence Microscopic Study of Inoculated Protoplasts 
Done at 25°C under 200 ft. c. 
Incubation No. of Cells No. of Cells Percent of Cells 
Time in Hours Examined (Infected) (Infected) 
0 1000 0 0 % 
1 1000 140 14.0% 
2 1000 137 13.7% 
3 1000 323 32.3% 
4 1000 372 37.2% 
-
(4) Fluorescence Microscopic Study of Inoculated Protoplasts 
Done at 30°C under 100 ft. c. 
Incubation No. of Cells No. of Cells Percent of Cells 
Time in Hours Examined (Infected) (Infected) 
0 1000 0 0 % 
1 1000 163 16.3% 
2 1000 329 32.9% 
3 1000 605 60.5% 
4 1000 608 60.8% 
r 
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(5) Fluorescence ~1icroscopic Study of Inoculated Protoplasts 
Done at 35°C under 100 ft. c. 
Incubation No. of Cells No. of Cells Percent of Cells 
Time in Hours Examined (Infected) (Infected) 
0 1000 0 0 % 
1 1000 175 17.5% 
2 1000 336 33.6% 
3 1000 612 61.2% 
4 1000 621 62.1% 
(6) Fluorescence Microscopic Study of Inoculated Protoplasts 
Done at 40°C under 100 ft. c. 
Incubation No. of Cells No. of Cells i Percent of Cells 
Time in Hours Examined (Infected) (Infected) 
0 1000 0 0 % 
1 1000 124 12.4% 
2 1000 132 13.2% 
3 1000 370 37.0% 
4 1000 388 38.8% 
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